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Abstract

64Mb 3.3V CMOS DRAMs from two different manufactur-
ers were tested for total dose. Retention time, power supply
current, and functionality were used to characterize device
response. Burned-in devices failed factionally at lower total
dose levels, Results showed that these scaled DRAMs arc about
twice as hard as older generation 16Mb commercia DRAMs.

1. INTRODUCTION

Next generation space systems will require high data rate
and large memory capacity for high resolution and accuracy of
data information. The never-ending drive for higher density
DRAMS continues to pack more transistors on a single chip,
increasing operating speed and reducing power consumption.
Therefore, D RAMs, microprocessors, and multi-mega-gate logic
chips must achieve high speed, fast clock access, and consume
just afew milliwatts. As the memory density increases, smaller
cell size and lower standby current for low cost and low power
are major requirements for Y RAM devel opments and applica-
tions, particularly in solid-state recorders, which are key sys-
tems for many new space programs. High density DRAMs
require scaling of the capacitor, line widths, and spacing,
thinner oxides, and lower operating voltage. Experimental
DRAMs with 1 Gb have been developed [ I]. Although 64Mb
DRAMs were available in 1993, they are just entering mass
production.

In this paper, 64Mbit DRAMSs from two leading manufac-
turers, Samsung and Mitsubishi, arc tested for total dose and
characterized for burned-in effects. These are extended data oat
(EDO)mode and fast page mode CMOS 3.3VDRAMsfor high-
speed and low-power applications. Both device types were in
plastic packages, typical of commercial DRAMs. Some of the
devices were subjected to barn-in before irradiation to determine
the effects of burn-in on total dose response for these devices.
Previous work has shown that total dose effects in CMOS
devices can be affected by bum-in. [2]

Il. EXPERIMENTAL APPROACH
Five devices were irradiated with a cobalt-60 room type

irradiator at room temperature and dynamically biased with a 10
Mtz clock during irradiation. An Advantest VL.SI test system
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| .aboratory, CaliforniaInstitute of 1 ethnology. under contract with the
National Acronautics and Space Administration [ ode Q. Work funded by
the NASA Microclectronics Space Radiation Effects Program (MSRE).

('1'3342) was used for electrical characterization and dynamic
bias. This Advantest test system has two test beads, one
(shielded) inside the radiation cell area and the other one with
the main frame. Devices were irradiated at 10 rad(Si)/s with in-
situ dynamic bias using a 10 ft cable from the test head inside the
radiation cell. After irradiation, the device was taken oat of
radiation room and electrica measurements were made at
another test head for better measurement with precision and fall
clock speed. A test program was designed to characterize data
retention time, A separate test program was used to measure
supply currents while providing dynamic bias to devices. Reten-
tion time was measured by writing ones to all memory cell
locations, waiting for a specified time before refreshing, and
then finally reading ones from all cell locations to determine the
number of cells that had aready changed state. Standby and
dynamic power supply current were also measured until func-
tional failure.

Five different devices were burned-in at 125°C for 168
hours to study burn-in effects. Devices were dynamically biased

with continuous writing marching |I's and O's to memory cell
locations and verifying themto ensure that the high temperature
is not causing any degradation to the devices. After devices were
burned-in, they were characterized using the same procedure as
that for the non burned-in devices prior to irradiation. A few
parameters were sightly higher for the burned-in parts that for
the parts that were not subjected to but-n-in.

. TESTRESULTS
a) Samsung 64Mb DRAM:KM48V8004A

Thisisa8Mx8 hit 3.3V CMOS D RAM with extended data
out(EDO)Y. EDO mode DRAMs offer high speed random access
of memory cells within the same row.Devices are fabricated
with Samsung's advanced CMOS process to achieve high band-
width and low power consumption.

Standby current daring total dose irradiation is shown in
Figure I. ‘I’he initial standby current was about 40 tA and
increased only dlightly to a total dose level of20 krad(Si). At
30 krad(Si), the standby current increased rapidly to about 1.9
mA, bat did not increase further at the final total dose level of 70
krad(Si) where the device failed factionaly. This is not a
typical response of CMOS device whichusually show’ more
gradual increase in power supply current, With Saturation at
much higher currents.



2000

. PN
R I T »

—_ » ) k8
<3 1500
€ Functional failure
L
‘5 1000
s No burn-in
O
el
g 500
i

0

0 20 40 60 80

‘1 otalDose [krad(Si)]

Figure 1. Samsung 64Mb DRAM standby current degradation

The standby current of burned-in devices started trot at
about 28 pA and increased only dightly to levels below 15
krad(Si). It is shown as a dashed line in Figure 1. The current
increased rapidly above 15 krad(Si), alower level than that of the
non-burned-in devices, and remained at 1.8 mA, adlightly lower
value until the factional failure at 50 krad(Si). The overall
current degradation curve was very similar for both burned-in
and standard devices. However, the non-burned-in devices
stayed dlightly higher at after 20 krad(Si) than burned-in de-
vices, Afterburner-in devices failed factionally at 50 krad(Si),
devices were farther irradiated to observe any increase in
current. The standby current decreased a very small amount (O. |
mA) at 70 krad(Si).

Dynamic power supply torrent was also measured for
hurtled-in Samsung devices and it is compared with Mitsubishi
devices in Figure 2. The dynamic car-rent was about37mA
initially and remained unchanged to 30 krad(Si). It then started
to increased rapidly after 30 krad(Si) and almost doubled in
value at 70 krad(Si). The Mitsubishi devices showed only a
small increase in dynamic torrent until factiona failure at 50
krad(Si) and it increased only dightly at 70 krad(Si). It is
interesting to note that dynamic current behaved quite differ-
ently even though the process technologies are almost identical.
This will be farther discussed in later section.
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Figure 2. Comparision of dynamic power supply current
degradation of burned-in devices. [Functional failure was
observed at 50 krad(Si).]
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Figure 3. Samsung 64Mb DRAM retention time degrada-
tion. [Functional failure was observed at 70 krad(Si).]

Data retention time was measured on Samsung's non-
burned-in devices. Percentage of lost bits among 64Mb vs.
retention time (which isthe actual time in seconds since the last
refresh cycle) is plotted in Figure3. The retention time
decreased as the radiation level increased. Note that the slope of
the retention carve increased as well. At 70 krad(Si), the device
failed factionally and almost 15 % of bits were missing at zero
retention time. The device was annealed for 24 hours at room
temperature and showed some recovery during room tempera-
turc annealing. However, the device functioned erratically after
room temperature annealing. The device was fully recovered
after high temperature (100 °C) anneal for 24 hears and the
slope of the retention time curve returned to almost the same
value as the post 70 krad(Si) curve, but did not have any missing
bits between zcro to 50 seconds.

[lamed-in devices failed functionaly after 50 krad(Si), a
significantly lower level compared to 70 krad(Si) with non-
burned-in devices as shownin Figure 4. The gradual degrada-
tion of retention time up to 50 krad(Si) is very similar with and
without barn-in devices (compare Figure 3 and 4). The sudden
functional failure at 70 krad(Si) with burned-in devices is
definitely due to the burn-in effect, Devices recovered function-
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Figure 4 Burned-in Samsung 641Mb DRAM retention

time degradation [Functional fatlure was observed after
50 krad(Si). ]



aly after 72 hours a room temperature anneal. However, the
retention time did not anneal much at all. The slope of the
retention time increased slightly more in non-burned-in devices
as the radiation level increased to 50 krad(Si) and the factional
failure occurred after 50 krad(Si). The sharp increase in
retention time carve at 70 krad(Si) shows that about 80-..0f the
64M cells bad lost their data and remained the same after 200
seconds which indicates that |eakage torrent from access tran-
sistors and storage capacitors reached a saturation point. De-
vices annealed functionally afier 72 hours at 25 °C and retention

time annealing farther after 24 boars of 100 °C, bat they did not
recover fatly to the initial values,

b) Mitsubishi 64Mb DRAM: M5SM467800AJ-6

Thisis afast page mode DRAMand is functionally identical
to the Samsung device, It is fabricated with double-layer
aluminum process combined with twin-well CMOS technology
and asingle-transistor dynamic storage stacked capacitor cell. It
can be used at very low power dissipation and high speed
applications. ThisD RAM usesasingle 3.3 V power supply and
the maximum specified standby power dissipation is only 1.08
mWw.

The standby current degraded differently compared to non
burned-in Samsung devices and it is shown as a solid line in
Figure 5. It gradually increased from an extremely smallinitial
value to about ImA after 10 krad(Si), then it gradually increased
to about 3.8 mA at the final total dose level of 70 krad(Si).

The standby current of burned-in devicesstarted out slightly
higher initialy than the non burned-in devices, about 28 HA.
And it isplotted as a dashed linein ¥Figure 5. * 1 he standby current
increased much rapidly at 15 and 20 krad(Si) compared to the
non horned-ia devices. It continued to increase dlightly after 20
krad(Si) until the functional failure at 50 krad(Si), and then it
farther increased to 6.5 mA at 70 krad(Si). The abrupt increase
in current of burned-in devices at 15-20 krad(Si) is very similar
to the Samsung devices. 1 lowever, the standby current of
Mitsubishi devices increased much larger amount after the
functional failure at 50 krad(Si) where as the Samsung devices
had aslight decrease in current after their factional failures.
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Figure 5. Mitsubishi 64MbDRAM standby current  degradation.
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I 'igure 6. Mitsubishi 64Mb D RAM retention time degradation

Dynamic power supply current of burned-in devices in-
creased from 25.5 mA to 33.4 mA at 70 krad(Si). It degraded
much less than for the Samsung devices (see Figure 2 in the
previous section). The standby current showed totally opposite
behaviors where the Mitsubishi devices showed amost three
time higher degradation at the final total dose level of 70
krad(Si).

Retention time carves of non-harmed-in devices showed
dlightly more gradua degradation as the radiation level in-
creased compared to the Samsung device. As shown in Figure
6, the slope of the retention time curve is amost linear. This
devicefailed functionally at 70 krad(Si). It did not recover after
24 hoar room temperature annealing. The slope of the retention
time curve remained the same after room temperature anneal.
tiowever, after 24 hours of 100 °C annealing, the device showed
sadden loss of data when the refresh time interval reached 25
seconds.

Burned-in devicesin Figure 7 showed slightly more degra-
dation in retention time compared to the Samsung devices and
functionally failed after 50 krad(Si). Initialy, retention time
measurements looks almost identical with burn-in or without
burn-in. Burned-in devices showed more classical annealing
responses. Devices showed some recovery after 72 hours at 25
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Figure 7. Burned-in Mitsubishi 64Mb D R AMs retention time
degradation.



°C annealing and further annealed at 100 °Cafter 24 hours back
to the 50 krad(Si) retention time measurements.

V. D1ISCUSSION & SUMMARY

Both of these DRAMs arc much harder than an advanced
64Mb D RAM from Micron which was previously tested in 1995.
[3] Burned-in devices showed dlightly lower total dose failure
levels than non-burned in devices for both manufacturers. The
standby current showed more degradation with burned-in de-
vices. It is consistent with results from the previous work done
on similar CMOS devicesin the reference 2.

The slope of the retention time curve for both Samsung and
Mitsubishi DRAMs increases as the level of radiation increases,
This change in slope is mainly due to subthreshold leakage
current from the access transistors.

The effective threshold voltage can be extracted from mean
values of normalized retention times as discussed in Reference
2, For the Samsung DRAM as shown in Figure 8, the slope is
nearly constant, which implies that oxide traps dominate the
threshold voltage response. The Mitsubishi device hasasimilar
slope and corresponds to about 20 w hole trapping for oxide
thickness of 10 nim, which is the approximate thickness of64 Mb
DRAM technologies [4]. | Towever, the magnitude of the change
is greater than for the Samsung device. The previously tested
Micron device showed a smooth change in retention time, but
again, the magnitude of the change is much larger than both
Samsung and Mitsubishi devices. These differences maybe due
to differences in hole trapping efficiency (note that the DRAM
gate is biased negatively during most of the operation cycle).

These results show that scaled DRAMs can operate at total
dose levels that are about twice as great as typical 16 M b
commercial DRAMs [S]. A similar trend has been seen in
commercial SRAM technologies [6], With longer integration
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Figure 8. Median normaized retention time vs. total
dose for 6AMb ) RAMs.

density, but much larger currents were observed for SRAMs than
for the DRAMSs in this study. Although sortie improvement may
be anticipated because of oxide sea ing, the complex architec-
ture, boosted wordline, and lower internal voltage margins make
it difficult to predict scaling effectsin real 1D RAM circuits. [7-
9

In addition to the improved hardness, the retention time
measurements show that there are negligible cells with abnor-
mal response, indicating that degradation is quite uniform
between different cells within the device. This is very important
for solid-state recorders and similar data storage applications in
space systems, which can only tolerate a small number of failed
bits.

Finally, burn-in caused some differences in the total dose
response. Burned-in devices may fail functionally at lower total
close levels than non-burned-in devices. Even though the sample
size was too small to establish any statistical confidence, all five
devices showed consistent results. This latest effect on burned-
indevicesmust be considered also for hardness assurance testing
for space systems.
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